and anterior movement of the body of the mandible. In addition, no serious complications accompanying distraction were observed. The coronoid processes that were perioperatively fractured were completely healed on computed tomography only a few months after the distraction.
As mentioned, we report mandibular distraction osteogenesis performed on micrognathic children in Japan. Like in the United States and Europe, this surgical procedure was demonstrated to be a very effective method in avoiding or weaning patients from tracheostomy. However, Japanese children generally have smaller mandibles than American or European children. Presently commercially available devices are too large and are not suitable for Japanese children. Therefore, the development of smaller devices for these children is thought to be necessary.
CONCLUSION
Mandibular distraction osteogenesis was performed at early stages in 10 Japanese young children with obstructive sleep apnea resulting from micrognathia. We report good results that we obtained in these patients. Key Words: Autogenous bone graft, facial reconstruction F or the reconstruction of extensive craniofacial bony defects, autogenous bone is the material of choice because of its potential for revascularization and its osteoconductive and osteoinductive properties. 1 It can be used as corticocancellous blocks, compressed particulate marrows, cortical grafts, or free flaps. Donor site choice is strictly dependent on defect size and localization from general conditions of the patient and from potential morbidity at the donor site.
Donor sites include ilium, tibia, rib, mandibular symphysis, maxillary shaft, retromolar area, calvaria, and scapula.
1,2
The tibial and maxillary tuberosity, mandibular symphysis, and retromolar area can provide only a restricted source of bone so they are most frequently used only in reconstruction of small defects of the maxilla and mandible.
On the other side, iliac crest, tibia, scapula, rib, and calvaria provide an abundant source of bone that can be used in the defects of the craniofacial region secondary to traumatic, congenital, atrophic, neoplastic, or iatrogenic lesions.
At the Department of Maxillo-Facial Surgery of the University of Rome ''La Sapienza,'' 233 patients with bony defects in the craniofacial regions have been reconstructed using autogenous bone grafts between 1997 and 2003.
Even today, revascularized free flaps are the first choice in case of extensive bony defects; in selected cases, bone grafts continue to represent a valid therapeutic option.
In the present study, the results obtained after grafting with autogenous bone grafts in 233 patients with facial bony defects are analyzed retrospectively.
MATERIALS AND METHODS
At the Department of Maxillo-Facial Surgery of the University of Rome ''La Sapienza,'' 233 patients (127 males and 106 females) with defects in the craniofacial regions have been reconstructed using autogenous bone grafts between 1997 and 2003. The inclusion criteria were:
1. Sizes of the grafts 3 cm or more; 2. Radiographs and photographs available preoperatively and at 2 years follow up; and 3. Follow up of 2 years or more. In 35 patients (15.0%), bone grafts have been harvested from rib (Fig 1A, B) and fixed using WF in seven cases and RIF in 28 cases; in 29 patients, autogenous calvarial bone (Fig 2A, B ) was used Fig 1 (A, B) Rib grafts and reconstruction of the inferior and lateral orbital walls using internal rigid fixation. THE JOURNAL OF CRANIOFACIAL SURGERY / VOLUME 18, NUMBER 4 July 2007 (12.4%), and grafts were fixed using WF in 11 cases and using RIF in 18 cases. Finally, in 169 patients (72.6%), bone grafts have been harvested from iliac bone (Fig 3) and fixed using WF in 54 cases and using RIF in 115 cases.
Seventy-six bone grafts were used for maxillary reconstruction (Table 1) to correct posttraumatic defects in seven patients (9.3%), postsurgical defects in 19 patients affected by fibrous dysplasia (25.0%), in 11 patients with benign tumors (14.5%), and in 18 patients (23.7%) with malignant neoformations; 17 patients (22.3%) presented with atrophic edentulous jaw and 4 patients underwent reconstruction intervention because of congenital pathologies (5.2%). In these patients, bone grafts were obtained from the rib in 12 patients (16.6%), from calvaria in 12 patients (16.6%), and in 52 patients from the iliac crest (66.8%).
One-hundred twenty-seven bone grafts were used for mandibular reconstruction to correct posttraumatic defects in 17 patients (13.4%), postsurgical defects in 13 patients affected by fibrous dysplasia (10.2%), in 42 patients with benign tumors (33.1%), and in 33 patients with malignant neoformations (26.0%); seven patients (5.5%) presented with atrophic edentulous jaw and 15 patients underwent reconstruction intervention because of congenital pathologies (11.8%). In these cases, bone grafts were obtained from rib in 15 patients (11.8%), from calvaria in seven patients (5.5%), and in 105 patients from the iliac crest (82.7%).
Five bone grafts were used for frontoparietal reconstruction to correct postsurgical defects in two patients with frontal osteoma (40%) and in three patients with congenital pathologies (60%). In these cases, bone grafts were obtained from rib in one case (20.0%) and from calvaria in four cases (80.0%).
Twenty-five bone grafts were used for orbitomalar reconstruction to correct posttraumatic defects in eight cases (32.0%), postsurgical defects in a patient with malignant tumour (4.8%), and with fibrous dysplasia in eight patients (32.0%); eight patients underwent reconstruction intervention because of congenital pathologies (32.0%). In these cases, bone grafts were obtained from rib in seven patients (28.0%), from calvaria in six cases (24.0%), and in 12 cases from the iliac crest (48.0%). Radiographic examination (follow up from 2Y20 years) comprised cranium and panoramic radiography and, in more recent cases, computed tomography performed 3, 6, and 12 months after grafting. Aesthetic and functional results were also noted.
RESULTS
In 215 patients (92%), an adequate integration of the graft at the recipient site was observed; in particular, complications such as infections or resorption were experienced in 35 patients, but in 17 patients, surgical outcome was not compromised.
Concerning rib bone grafts (N = 35), in six patients (five at the mandibular and one at the maxillary level), infection was experienced (17.7%), whereas in three patients (two at the mandibular and one at the maxillary level), graft resorption was observed (8.6%). In two of the six patients in which infection was experience, it was sufficient to administer antibiotics to resolve this. In the other patients, surgical removal of the graft was performed.
Only in one patient (3.4%) of reconstruction of the maxilla using calvaria bone graft (N = 29) was infection observed, but antibiotic therapy was sufficient to resolve this.
Concerning iliac bone grafts (N = 169), in 20 patients (13 at the mandibular and seven at the maxillary level), infection was experienced (11.8%), whereas in five patients (three at the mandibular and two at the maxillary level), graft resorption was observed (2.9%). In eight of the 20 patients in which infection was experienced, surgical removal of the graft was performed. In the other patients, antibiotic therapy was sufficient to resolve this.
Complications were experienced in 25 patients (19.7%) in which mandibular grafting was performed (N = 127) and in 12 patients (25.8%) in which maxillary grafting (N = 76) was performed.
In 10 patients (seven at the mandibular level and three at the maxillary one) of the 27 in which infection was observed, antibiotic therapy was sufficient to resolve infection; in the other cases, surgical graft was removed. Secondary reconstruction was achieved with a reconstructive plate in five patients (all in the mandibular patients), whereas in the other, no reconstruction was performed.
Surgical removal was performed in seven of 72 patients in which bone grafts have been fixed with WF (9.7%) and in 11 of the 161 patients in which bone grafts have been fixed with RIF (6.4%).
In none of the complicated cases, radiographic follow up demonstrated an adequate integration of the graft at the recipient site, and satisfactory aesthetic and functional results were obtained.
DISCUSSION
For the reconstruction of extensive craniofacial bony defects, autogenous bone is the material of choice because of its potential for revascularization and its osteoconductive and osteoinductive properties. 1 Histologically, autogenous bone graft integration at the donor site is observed early. During this process, resorption of the graft and formation of new bone occur simultaneously; whereas the channels of Havers of the inorganic matrix of the graft are reabsorbed and act as a guide and support for osteocytic growth in the host, the organic matrix is reabsorbed. Four months after grafting, the limit between host bone and bone graft cannot be identified. 2, 3 Although many previous publications have shown a seeming superiority of membranous over endochondral bone grafts, 4, 5 Ozaki and Buchman 6 in their experimental study demonstrated that the microarchitecture of bone grafts does play the primary role in the resorption rates of onlay bone grafts. In particular, cortical bone seemed to be a superior onlay grafting material independent of its embryologic origin. 6 Onlay bone graft's survival is strictly dependent on its structural integrity and its ability to resist the external forces that were created by its placement, leading to stimulation of osteoclastic activity and subsequently to graft resorption. 6 Recipient site affects graft survival guaranteeing sufficient vascularization and graft stability; in particular, Zins et al 7 demonstrated that bone grafts fare best when their cancellous surface is placed in contact with host bone.
Traditional autogenous bone donor sites include the iliac crest, ribs, and tibia.
1 Iliac crest provides a valid source of bone grafts because of its biologic properties, guaranteeing rich cellularity, early revascularization, and osteogenic potential. 8 Complications and donor site morbidity of bone harvested from the iliac bone are chronic pain, sensory loss, wound breakdown, hematoma, and hemorrhage, although hernia through the donor site, instability of the sacroiliac joint, adynamic ileum, ureteral injury, and pathologic fractures have been reported. 9 Bone harvest from the anterior iliac crest is preferred. In fact, even if a posterior approach leads to a lower morbidity and permits harvesting of larger amounts THE JOURNAL OF CRANIOFACIAL SURGERY / VOLUME 18, NUMBER 4 July 2007 of bone, the operation time is extended significantly, because the patient has to turn during the operation and two surgical fields have to be prepared and draped. 8, 9 In addition, potential damage to the sacroiliac joint and the sciatic nerve harvesting bone from the posterior ilium is greater than from the anterior iliac crest, because of the proximity to these areas. 8 Finally, morbidity associated with harvesting of bone at the anterior iliac crest harvest can be minimized by paying attention to the identification and preservation of the anterior superior iliac spine. 9 Nkenke et al, 9 comparing the morbidity of harvesting of bone grafts from anterior iliac crest with that at the posterior iliac crest, found that by postoperative day 30, there was no statistically significant difference in pain and thermal sensitivity test (PATH test) and visual analog scale between the two approaches. In harvesting bone from the anterior iliac crest, no differences have been found between the medial and lateral approaches. 10 Morbidity at the donor site can be minimized reducing muscle damage and performing careful hemostasis. 11 In our experience, we prefer the anterior approach to minimize operation time; in particular, lateral harvesting from the anterior iliac crest has been performed. Morbidity at the donor site included gait disturbance and pain that resolved within approximately 30 days.
Also, calvarium can provide an abundant source of bone grafts for the repair of bony facial defects, showing a lower resorption than iliac bone grafts. In addition, minimal morbidity at the donor site has been shown. 1, 2, 12, 13 Furthermore, in case of very extensive loss of tissue, this donor site may not provide an adequate source of bone graft. In particular, the relative amounts of diploic bone decrease with age, so that this donor site may not yield sufficient cancellous bone in the middle-aged patient. Finally, neurologic sequelae such as subdural hematoma, leptomeningeal cysts, and infection subsequent to penetration of the inner cortex may arise. 1 Carinci et al 14 evaluated the alveolar bone height gain obtained with iliac crest and calvaria bone grafts, finding that the iliac crest bone grafts lost most of the alveolar bone height gain in the first 6 months, whereas calvaria bone grafts lost over a greater interval of time, concluding that the gap in alveolar bone height gain between the two grafts tended to decrease over time.
Rib bone grafts are used to reconstruct alveolar defects in patients with cleft palate and mandibular ramus and condyle in adult and pediatric patients. 15, 16 Early morbidity of iliac donor sites is far greater than that of rib donor sites. Furthermore, Laurie et al, 17 evaluating morbidity after 104 bone graft harvesting operations, found that at long-term follow up while hip symptoms largely resolve, a significant number of chest wall sites cause persistent pain.
In our experience, complications such as infection at the recipient site and graft resorption requiring graft removal were observed in some cases. More of them have been experienced when WF was used as the fixation method (9.7% in case of WF versus 6.4% in case of RIF). Previous publications affirmed the superiority of RIF on WF in granting graft stability and integration.
18Y20 Early revascularization would have led to a minor infections incidence 21 and graft stability to a minor resorption incidence.
Complications such as infections or resorption were experienced in 35 patients, but in 17 patients, surgical outcome was not compromised.
Postoperative morbidity was not significant. Long-term functional and cosmetic results obtained have been satisfactory.
On the basis of our experience, we can affirm that even today, revascularized free flaps are the first choice in case of extensive bony defects; in selected cases, bone grafts continue to represent a valid therapeutic option.
